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TECHNOLOGY

» IREE softmax RVV codegen is not » Nonlinear functions based on
as efficient as manually optimized library the exponential function
IREE RVV Codegen Manually Optimized Library
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GeLU(x) = 0.5 x x X (1 + tanh(/(2/m) X (x + 0.044715 x x3)))
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= Softmax = Fully-Connected = Transpose = Pack . — o . — —Bx

e Softmax = Othere s e . o Swish(x) = x - sigmoid(fx) = x/ (1 + e )
= Split = Pad = Gather = Concatenation SWIGLU(JC: W: V: b: C, B) — SWIShﬁ’ (XW + b) ® (JCV T+ C)
= Stridedslice = Cast Unpack

» Custom Exp Instruction

. » EXp Instruction by 7-Order Tavlor Expansion
Using ACE-RVV *P e Y Y Xpanst

ACE-RVV: Reuse processor memory system » Optimized Exp Function

RW + Exp /.31 >117.08
RWV 1.00 >117.08

» Optimized Softmax Function

RVV + Exp 4.66
RVV 1.00

AX45MPV VLEN/DLEN = 512/512
« L1 data cache: 32KB, instruction cache: 32KB
« L2 cache: 512KB

» IREE ukernel Flow » IREE with Andes Softmax ukernel » IREE Decompose Softmax

%6 = linalg.generic {:'l.nd.ex:'l.ng_maps = [affine_map{{dﬂ; dl, d2, d3) —-> {(dd, dl, d2, d3)>, aff:'une_map{{dﬂ,
dl, d2, 4d3) —-> (dd, 41, d2)>], iteratnr_t]rpes = ["parallel", "parallel®", "parallel", "reduction"]} ins (%2

i : te r<lx4dx384x384xf325>) t=(%b : te r<1x4x3B4xf32>) {
L Clang ukernel linalg.softmax S neorcixtx

£10 = arith .maximumf $in, %out : £32
Source Code Cﬂmpllﬂr Bitcode linalg.yield $10 : £32
IREE C d IREE k I } -> tensor<lxdx3B4xf32>
0 egen u erne %cst_ﬂ = arith.constant 0.000000=+00 : £32
%7 = linalg.fill ins(%cst 0 : £32) outs(%4 : tensor<lx4x3B4xf32>) -> tensor<lx4x3B4xf32>
%8 = linalg.generic {indexing_maps = [affing_map{{dﬂ, dl, d2, d3) —-> (d0, 41, d2, d3)>, affine_map{{dﬂ,
dl, d2, 4d3) —-> (dd, 41, 4d2) >, affine_map{(dﬂ, dl, d2, 4d3) —-> (d0, 41, 4d2)>], iteratn;_types = ["parallel",
IREE "parallel", "parallel", "reduction"]} ins(%2, %6 : tensor<lx4dx3B4x384xf32>, tensor<lx4dx3B84xf32>) outs (%7 :
MLIR Model tensor<lx4x384xf32>) |
cumpiler Abb0 ($in: £32, %in 1: £32, %out: £32):
Decompose Softmax Lower to ukernel 510 - arith.subf ain, sin 1 : £32

311 = math.exp %10 : £32

£12 = arith.addf s11, $out : £32
linalg.yield %12 : £32

} —» tensor<lxdx384xf3z2>
%9:2 = linalg.generic {ind.e:d.ng_maps = [EI:E:E:'11:1«5:_1113;:«'(i:u::].llfl,r dl, d2, d3) —-> (d0, d1, d2, d3)>,
= = = = = affine map<(d0, d1, 42, d43) —-> (d0, dl, d2)>, affine map<(d0, 41, 42, d3) -> (d0, 41, d2)>,
Polynomial Approximation Optimized RVV / ACE-RVV Code  asfinemap<iao, a1, @2, d3) —> (a0, a1, a2, d3)>, affine map<(d0, dl, @, 43) -> (40, d1, @2, 43)>],

iterator types = ["parallel", "parallel", "parallel”, "parallel"]} ins (%2, %6, %8 :
tensnr{1;4x384x384xf32}, tensor<lxdx3IB4xf3iZ2>, tensor<lxdx3B4xf3IZ>) outs(%3, %3 : tensor<lxdx3f4x3BadxfIz>,
tensor<lxdx3B8Ax38Axf3IZ>) |

Abb0 (%in: £32, %in 1: £32, %in_E: £f32, %out: £32, %91.11;_3: £f32):

$10 = arith.subf sin, %in 1 : £32

3433
Runtime

311 = math.exp %10 : £32

LLVM RW / ACE'RW leEl’I'lE' BitCOde $12 = arith.divf s11, %in 2 : £32

linalg.yield %11, %12 : £32, £32
} —-> (tensor<lx4x384x384xf32>, tensor<lx4x384x3B84xf32>)

}

» Softmax Unit Test Speedup » MobileBERT FP32 Speedup » MobileBERT Softmax Op Latency
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Shape 1x4x384x384xf32 mRVV Codegen  mRVV Softmax ukernel  m ACE-RVV Softmax ukernel AX45MPV VLEN 512 8M L2
e Using IREE with Andes ACE-RVV softmax ukernel, MobileBERT has achieved a 1.26x speedup, and softmax latency has been reduced to 3.37%.
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